before leaving school. 4 In a literature review, Glendor concluded that in the primary dentition one-third of all children sustained a TDI, while in the permanent dentition one-fourth of all schoolchildren and one-third of all adults sustained TDI. 5 Prospective studies also report high incidence rates. Namely, a Danish study, where all dental injuries occurring from birth to the age of 14 years were carefully registered, demonstrated that 30% of children had sustained injuries to the primary dentition and 22% to the permanent dentition.
Altogether, every child had sustained a TDI by the age of 14 years. 6 An Australian study found an incidence rate of 20 TDI per 1000 individuals per year in children aged 6-12 years. 7 Two large Swedish studies extended over several years reported incidence rates of 19 to 29 events per 1000 individuals per year, 8 and an annual incidence rate of 28%, 9 respectively.
Thus, although TDI prevalence and incidence are generally high worldwide, they may vary considerably. Such a variation reflects not only socioeconomic, behavioral, and cultural diversity, 5 but also the lack of standardized TDI registration and classification systems observed in the literature. 10 It is probably for this reason that world TDI frequency is unknown and TDI was not included in the list of the 300 most important acute and chronic diseases and injuries provided by the Global Burden of Disease (GBD) Study.
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To close this important gap in knowledge between TDI and all other acute and chronic diseases and injuries, this study was aimed at providing reliable global estimates of TDI prevalence and incidence rates for primary and permanent teeth, through a systematic literature review and a meta-analysis of observational studies.
| MATERIAL SANDME THODS
The assumption underlying the meta-analysis methodology is that there is a population of studies investigating a given issue, some published and some unpublished, and the meta-analysis works on an accurate sample of studies extracted from this population.
Unlike conventional meta-analyses that investigate effect sizes and involve two variables, meta-analyses of disease frequency involve just one variable. One of the main problems of conventional meta-analyses is the control of small-study effect (ie, small studies reporting nonsignificant effect sizes are not published or are published by local journals) and the consequent publication and selection biases. Thus, study search is crucial and keyword selection and matching are important aspects of this process. 12, 13 These issues are relatively simpler in meta-analyses of disease frequency, because there are just two terms to match, namely, the disease and the measure of disease frequency. However, these meta-analyses yield other important problems. Namely, there are different sources of disease frequency, such as epidemiologic studies, as in conventional metaanalyses, disease registries, and population surveys, that provide different frequencies for the same underlying population. In addition, epidemiologic study search provides totally or partially duplicated papers and the choice of the most accurate version is often difficult. 14 Another problem is that while the effect size in conventional meta-analyses is normally distributed, disease frequency is binomially distributed (ie, disease present/absent), and studies reporting prevalence close to 0 or 1 yield artificially higher meta-analysis weights than studies reporting prevalence close to 0.5. This problem requires the transformation of binomially distributed variables into normally distributed variables. 15 Another problem, common in meta-analyses, is whether there is a single true underlying disease frequency or a population of frequencies, which vary among different countries, due to different TDI risk factor distributions across the world. [16] [17] [18] In the latter case, the global TDI frequency equals to the mean of the underlying TDI frequencies among different communities and its assessment requires that primary studies are collected from as many countries, communities, and social contexts, as possible. A prerequisite which makes these global estimates feasible is therefore to gather as many primary studies as possible carefully excluding studies with partially or totally overlapping results. If this condition is satisfied, the impact of missing studies and publication/selection bias on meta-analysis reliability would be low. 16, 18 According to the GBD methodology, the data sources for the assessment of incidence and prevalence are disease registries (new cases reported by physicians and laboratories), population surveys (nation-based surveys which provide self-reported information), healthcare facility data (diagnosed cases reported on consultation), and not merely epidemiologic studies as in conventional meta-analyses. 19 As for TDI registries and population surveys, data were searched by two authors (AL, GU) through the websites of the scientific societies of disciplines such as dental traumatology, pediatric dentistry, endodontics, oral-maxillofacial surgery. GOOGLE and Yahoo! were considered as web services providers. Two groups of keywords were matched, namely "Association," "Society," "Organization" AND "Dental Traumatology," "Paediatric Dentistry," "Endodontics," "Oralmaxillofacial Surgery." In addition, the websites of important public health organizations, namely the World Health Organization and the US Centres for Disease Control and Prevention, were considered.
According to the GBD methodology, healthcare facility data are unreliable and were not considered.
As for epidemiologic studies, a literature search was undertaken trying to locate the highest possible number of primary studies from different countries and to minimize publication and selection biases.
The search was limited to the years 1996-2016. Although this option led to the exclusion of classic studies published before 1996, it was justified by the fact that the improvement of TDI surveillance systems, the dissemination of public awareness campaigns in some countries, the implementation of prevention policies in high-risk settings, such as during sports playing or at school, could have drastically changed TDI frequency in many countries. In addition, the improvement of databases during the last decade made available the gray literature, that is, informally published material, such as studies published by local scientific journals or in languages different from English, theses, congress proceedings, etc., published after the nineties.
There was no language restriction and at least one broad data bank that could help locate congress proceedings and doctoral theses was considered. The databanks used were PubMed, Scopus, Web of Science, and GOOGLE Scholar. Non-specific keywords were chosen (Unpublished Material 1-available upon request to the correspondig author). As for GOOGLE Scholar, papers were sorted in order of relevance and only the 500 most relevant titles were considered. "GOOGLE Translate" was used to handle articles published in languages other than English.
Data search was performed by one author (PS), an expert in meta-analysis of observational studies, who also screened titles and abstracts of the identified studies. Full texts of the studies that could fall into the inclusion criteria were searched.
Eligibility, a key issue in meta-analyses of disease frequency, was assessed by the three authors together. 14 Studies reporting overlapping results and studies which did not fall into the inclusion criteria were excluded. More specifically, duplication was suspected when the studies had at least one author in common and were performed in the same country and setting, and when age and gender distributions were similar. If necessary, the corresponding authors were contacted to ask whether study samples overlapped.
Corresponding authors of eligible studies that reported incomplete information were also contacted to seek missing data, particularly when studies were from under-represented countries.
Reference lists from full texts were also checked.
Study inclusion/exclusion criteria were the following:
1. Data sources: As for disease registries and population surveys, only national data and data covering at least 10 000 people at risk that were provided by important scientific societies were eligible. As for the epidemiologic studies, only observational studies that did not artificially over-estimate TDI prevalence or incidence were considered, that is, population-based studies, cross-sectional studies, and cohort studies, while case-control studies and case series were not considered. Nonoriginal studies, such as systematic reviews, editorials, and commentaries, were excluded. Also excluded were studies which reported results that were already, totally or partly,
reported by other studies. Analytical cross-sectional studies and baseline examinations of cohort studies were considered to assess the differences between males and females, while cohort studies were used for the assessment of both incidence and prevalence (baseline examination data).
2.
Setting: Any setting was eligible. Hospital-based studies also were considered, but those performed in emergency and traumatology services, where TDI frequency could be artificially higher,
were not considered.
3.
Sampling method: Any method was considered acceptable, such as randomized, stratified, consecutive, and convenience samples.
4.
Participation rate: Studies with rates lower than 60% were not considered.
TDI diagnosis:
The outcome of this study was the frequency of individuals with at least one TDI, irrespective of injury severity, and the number of injured teeth. For this reason, all the TDI classification criteria reviewed by Feliciano et al 10 were considered.
The diagnostic criteria had to be clearly provided and examiners had to be trained and/or calibrated to ensure the highest possible level of diagnostic reliability.
The outcomes considered in this study were as follows:
1. TDI prevalence and 95% confidence interval (95 CI) to permanent dentition.
2. TDI prevalence and 95 CI to primary dentition.
3. TDI prevalence and 95 CI among 12-year-old subjects (tolerance ±1 year).
4.
TDI incidence rate and 95 CI to any tooth and for any age.
5.
TDI prevalence ratio and 95 CI among males and females aged 12±2 years.
Prevalence was expressed as percent of individuals with at least one TDI, incidence rate as number of new TDI per 100 persons per year, prevalence ratio as ratio between prevalence in males and prevalence in females with females considered the unexposed group.
If prevalence, incidence rate, and prevalence ratio were not directly provided, they were calculated. If information was incomplete, the corresponding authors were contacted, and if they did not reply/ provide the requested information, the study was excluded.
Data were extracted or calculated by one author (PS) and checked by the remaining authors (AL, GU). Disagreements between authors were reconciled through discussions.
14 As anticipated, for every investigated TDI frequency measure the null hypothesis was that there was a single global TDI frequency and the observed differences across studies were due to sampling error.
The alternative hypothesis was that there was a population of TDI frequencies and the global estimate was the mean of the underlying frequencies. The choice between the two hypotheses was pivotal in the present meta-analysis and was therefore accurately investigated.
For each outcome measure, the Z scores were calculated from all primary studies and frequency distribution was plotted. Ideally, the null hypothesis was acceptable if frequency distribution was normal, with mean 0.0 and standard deviation 1.0. If mean and/or standard deviation were far from these values, the distribution was considered not normal and the null hypothesis was rejected. 18 The analysis of funnel plots also was considered to investigate the underlying hypothesis. Indeed, funnel plot asymmetry is not only a symptom of publication bias, but could be due to true differences in TDI frequency between studies in accordance with the alternative hypothesis. Thus, in the present meta-analysis, funnel plot symmetry was considered supporting the null hypothesis. 12, 20 For each outcome measure, a funnel plot was drawn with the logarithm of TDI frequency in the x-axis and precision, that is, the inverse of the standard error of the frequency estimate in the y-axis. Funnel plot asymmetry was investigated through formal tests, namely the tests For each TDI frequency outcome measure, the meta-analytic model was chosen on the basis of the cumulative analysis of Z-score distribution, funnel plot symmetry, and I 2 test. If the majority of these analyses suggested that primary studies were homogeneous enough, the null hypothesis was accepted, the global TDI frequency was assumed to be the same across different studies, and the fixedeffects model was used to estimate the pooled TDI frequency. If primary studies were regarded as heterogeneous, the null hypothesis was rejected, the global TDI frequency was assumed to be the mean of the TDI frequencies, and the random-effects model was used.
As anticipated, prevalence and incidence rate were binomially distributed. Consequently, the pooled confidence intervals could in-
clude implausible values lower than 0 or higher than 1. In addition, when proportions are close to 0 or 1, the variances of these studies are squeezed toward 0 and the weights toward infinity. Thus, these studies yield artificially higher impact on the meta-analysis results than the remaining studies. To overcome these problems, the double arcsine transformation of prevalence and incidence rate values was adopted following the GBD protocol. 15 The summary measures chosen in this study were TDI prevalence to permanent teeth, prevalence to primary teeth, prevalence among 12-year-old children, incidence rate, and male-to-female prevalence ratio.
To investigate the reliability of the world estimates and to check whether a single country had an excessive impact on the estimates, a different approach to meta-analysis was also adopted. Namely, the pooled TDI frequency estimates for each single WHO region were considered as units and were meta-analyzed with the inversevariance weighting method.
An uncertainty analysis was also performed. Estimates of disease frequency, which extrapolate from specific epidemiologic studies to population-level measures, are subject to a broad range of uncertainty. 14 Uncertainty around the world TDI frequency estimates could arise from several sources. The first is incomplete information, as the estimates are necessarily based on observations from samples that yield random error. The assessment of the confidence intervals for the pooled prevalences and incidence rates accounts for this kind of uncertainty.
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Uncertainty is also due to systematic error that, in turn, could be due to biases of primary studies regarding TDI assessment (diagnostic bias) and representativeness of the selected sample (selection bias). In addition, the problem of representativeness may affect the global estimates, as some countries could be under-or over-represented. 22 Formally assessing susceptibility to bias of observational studies is not easy, as there are almost one hundred quality assessment tools, but none of them are rigorously developed, evidence-based, valid, reliable, and easy to use at the same time. In particular, none of these tools were designed to assess the quality of prevalence/ incidence studies. 23 To overcome this problem, only studies with moderate-to-high quality were included in the study set. More specifically, studies had to acknowledge items 1, 2, 4, and 5 of the abovementioned inclusion criteria. For this purpose, the NewcastleOttawa scale (NOS), previously adapted for cross-sectional studies, 24 was further adapted to disease frequency studies. 25 Namely, scores could range between 0 and 5, based on the following items:
1. Case definition (score 1, use of an acknowledged TDI classification system).
2.
Sample selection (score 1, randomized or randomized-cluster samples).
3.
Sample size (score 1, size large enough to minimize the standard error, ie, 265 subjects assuming 20% prevalence and 10% 95 CI at 95% level of significance).
4.
Reliability of diagnosis (trained and/or calibrated examiners).
Response rate (60% or higher).
Study quality was considered fair-to-good for scores ≥3. Common methods for incorporating risk of bias assessments into the synthesis process include sensitivity analysis, narrative assessment, and restriction of the analysis to studies at lower risk of bias. 26 In this study, the third option was chosen and poor quality studies with scores 0-2 were excluded from the analysis.
The problem of over-and under-represented countries and communities was difficult to overcome, as the number of reliable data sources for injuries is extremely poor. Indeed, the GBD study globally identified nearly 6600 data sources for communicable, maternal, perinatal, and nutritional conditions (group I diseases), 1500 sources for non-communicable diseases (group II diseases), and only 18 sources for injuries (group III diseases). 19, 22, 27 To assess the overall quality of this meta-analysis, the uncertainty level of at least one of the global estimates assessed in this study was compared to a global estimate assessed using the GBD data. 14 According to the GBD injury group, the mortality rate due to injury was considered the most reliable information regarding group III diseases for obvious reasons. In addition, the death-to-incidence ratio was assessed using specific studies and was considered reasonably consistent. Using these data, the group estimated the incidence rates and the 95% uncertainty intervals for the various injuries. 27, 28 The GBD injury study group considered the bodily injuries (ie, Chapter XIX Sections S00-T98 and Chapter XX Sections V01-Y98 of the International Classification of Diseases 10) that warrant healthcare assistance and did not consider TDI. 28 Therefore, in the present uncertainty analysis, a procedure was used to adapt the uncertainty analysis of the GBD injury group to TDI. First, the global number of incident bodily injuries that warrant healthcare assistance reported for the year 2013 by the GBD injury study with the 95% uncertainty interval was extracted summing up the number of incident injuries warranting inpatient admission and the number of those warranting other types of healthcare. 28 Second, the study of Petersson and colleagues, the most reliable and well-designed study on any injury, bodily and dental, that warrant healthcare assistance performed in Västmanland (Sweden) during one year, 2 was used to assess the number of bodily injuries that occur for every TDI with 95 CI, as the ratio between the proportion of bodily injuries and the proportion of TDI. Third, the global number of incident TDI that warrant healthcare assistance accounting for uncertainty was estimated as the ratio between the global number of incident bodily injuries with 95% uncertainty interval and the number of bodily injuries occurring for every TDI with 95 CI.
This number was compared to the global number of incident TDI estimated using the results of the present meta-analysis.
According to the aforementioned study of Petersson and colleagues, TDI incidence is stable from birth to 20 years of age and 90% of all TDI occur before this age. These two estimates were compared using 95% uncertainty/ confidence intervals. If the two intervals partly overlapped, then the levels of uncertainty of the two estimates were non-significantly different. If they did not, the present estimate yielded a higher degree of uncertainty than the GBD injury study.
Sensitivity analysis to study inclusion was performed to investigate whether the pooled frequency estimates were influenced by a single study. For every meta-analysis, the contribution of each study to the overall weight was measured as percent of the total weight.
Studies which yielded weights ≥10% could excessively influence the pooled estimates and were excluded in turn. The pooled TDI frequency was re-estimated and compared with the overall estimate.
If the two 95 CIs overlapped, the pooled estimate was regarded as robust enough.
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Sensitivity analysis to low-quality study inclusion was also performed excluding low-quality studies that were necessarily included to cover under-represented areas and countries. The PRISMA statement for reporting meta-analyses was acknowledged. 29 
| RE SULTS
The study search was completed on December 29, 2016 .
No disease registers and population surveys covering at least 10 000 people were detected. As for epidemiologic studies, among the 631 titles and abstracts screened, 229 full texts were potentially eligible and 77 of them were excluded for various reasons, thus leaving 152 primary studies (Figure 1 while the study of Eyuboglu 57 was performed in a dental clinic. These studies were not excluded from the set because they were based on samples exceeding 10 000 individuals and yielded modified NOS of 3. In any case, the sensitivity analysis performed excluding these three studies and the study of Stockwell 7 had minimal impact on the pooled prevalence estimate. (Unpublished Material 5) with a mean of median ages of 7.8 years.
The global incidence rate was 2.82 events per 100 persons per year (95 CI, 2.28%-3.42%; Table 5 ). There was no difference between rates to permanent and primary teeth. An important difference was reported between rates assessed through cohort studies, based on follow-up examinations of cohorts, and through population-based Table) .
The estimated world population aged 0-19 years in 2013 was 2 498 762 000 individuals. Thus, using the pooled incidence rate assessed using only public health facility reports (Table 5) data not in Table) .
Although the point estimate of the number of incident TDI gathered from the present meta-analysis was higher, the two estimates partly overlapped, thus suggesting that the present pooled incidence estimates yielded an uncertainty level similar to the level yielded by the GBD injury study. Indeed, the ratio between the two estimates was 0.98-1.82. TA B L E 6 Global estimated risk for traumatic dental injuries to permanent teeth among male children compared to female children aged 12 years (±2 years), assessed through prevalence ratio (PR), and estimated prevalence ratios in the WHO Regions. Analysis based on 31 studies
| D ISCUSS I ON
The main problems of disease frequency meta-analyses are not only related to the quality of primary studies, and to publication and selection biases, but also to the world representativeness of the study set and to the problem of merging data provided by different sources. 19 The latter problem was automatically resolved because of the lack of disease registries, large population surveys, and the choice to exclude studies performed in emergency services and dental healthcare settings.
As for the quality of epidemiologic studies, the main forms of bias in disease frequency studies are selection and diagnostic bias.
The TDI paradox is that the diagnosis of the majority of lesions is relatively easy, while their classification is complex, as there are more than fifty distinct diagnostic systems, 10 and many injuries are seen in combination. [180] [181] [182] Diagnostic bias is relatively low in TDI prevalence studies, due to regression toward the mean; namely, the proportion of false positives is counterbalanced by a similar proportion of false negatives, 183 while it could be more serious in incidence studies. Indeed, reversals could occur at the follow-up examinations;
that is, individuals diagnosed with TDI at baseline and without TDI at the follow-up examination. In caries incidence studies, diagnostic bias is adjusted using the net incidence (incident cases minus reversals) instead of the crude incidence. 184 Such an adjustment was not considered in TDI incidence studies, and the pooled incidence rate reported in the present study likely over-estimated the true incidence rate.
At meta-analysis level, the degree of diagnostic bias was reduced excluding studies that did not use acknowledged TDI diagnostic systems and where examiners were not trained and/or calibrated. The choice to limit the diagnostic bias, thus getting more reliable data, was the reason why the pooled TDI frequency was not categorized for disease severity. Indeed, the assessment of disease severity required severity-based calibration of examiners and the use of the same TDI classification system. These requisites were not met by the included studies. Therefore, the global TDI frequency estimates categorized for severity would be unpredictable and unfeasible at the same time. Thus, although this choice prevented further analyses regarding, for example, social and individual costs of TDI at the global level, such a limit was compensated by the gain in terms of reliability of the pooled estimates.
As disease frequency epidemiologic studies must cope with the problem of sample representativeness, three items of the modified NOS, namely sample selection, sample size, and response rate, were dedicated to this issue. As for the sample size, all the studies excluding seven were large enough for the purpose of the present study, while low response rate was one of the exclusion criteria. The problem of sample selection procedures was acknowledged by only some studies that adopted random, cluster-random sampling selection procedures or were population-based studies (Unpublished At meta-analysis level, this study was designed to decrease selection bias, which refers to incomplete study retrieval, including more than 150 moderate-to-high quality studies and excluding lowquality studies. Therefore, even if some studies could be missing their effect on the pooled estimates must be minimal. The analysis of publication bias, however, suggested that there could be an excess of studies reporting high TDI prevalence to permanent teeth and incidence rate. Therefore, the present results could reasonably over-estimate the true disease prevalence and incidence rate.
The conservative approach adopted in this study to control the aforementioned limits resulted in wide confidence intervals of the pooled estimates, with consequent relatively high uncertainty.
Nevertheless, the estimated global number of incident TDI that warrant assistance was not significantly different from the estimate resulting from the uncertainty analysis performed using the data from the GBD injury 28 and the Västmanland 2 studies, thus suggesting that the pooled estimates were reliable enough. However, this analysis also showed that there was a tendency to over-estimate the true world prevalence/incidence rate.
The pooled TDI incidence rate was probably less reliable than the pooled prevalences, for the abovementioned problems of diagnostic bias in incidence studies, the relatively low number of primary studies (Unpublished Material 5), and the heterogeneity between studies due to different data sources. Indeed, the incidence rate estimated using cohort studies was more than double the rate estimated using population-based studies, that is, 5.2 vs. 2.5 per 100 person-years (Table 5 ). This result was explained by the fact that all the individuals included in the cohorts were periodically examined, while in population studies, only data from individuals who seek dental healthcare are reported. Therefore, subjects with mild forms of TDI who do not seek dental healthcare and have low awareness toward TDI does not induce parents to seek care for their children. 185 Further inconsistency is due to the TDI incidence not being the same throughout life, as it is roughly constant from birth to 10-12 years of age, declines constantly up to the age of 20 years, is close to nil up to the age of TA B L E 7 Estimated number of the world population who had traumatic dental injuries percent of TDI occur before the age of 20. 2 The problem of low reliability of incidence rates is acknowledged in disease frequency studies and even the GBD study group reported an increase in uncertainty when prevalence data were transformed into incidence rates. 19 Accounting for the aforementioned limits and according to previously validated methodology, 186 the reported results were used to estimate the global burden of TDI. As for TDI to permanent teeth, prevalence is rather stable starting from the age of 20 years until periodontal disease and/or dental caries result in the loss of injured teeth. At that point, reversals due to missing teeth occur and agestratified prevalence rate decreases progressively. Using US population data on dental caries and periodontal disease provided by for the chance that the pooled prevalence could be over-estimated, it was conservatively assumed that prevalence in individuals younger than 7 and older than 65 years was nil and that the pooled prevalence reported in Table 2 was valid only in individuals aged 7 to 65 years. The world population aged 7-65 years was 5 870 758 000 individuals in 2016. Therefore, there were approximately 900 million individuals who had had at least one TDI of any kind to permanent teeth ( Table 7 ). The assessment of the burden of TDI to primary teeth refers to children aged between 1 and 6 years, a similar age range as that reported in Table 3 . The world population aged 1-6 years was 791 115 600 children; thus, roughly 180 million children had had at least one TDI to primary teeth. Globally, overall, there are more than one billion subjects who have had TDI.
This condition would rank fifth if it were included in the list of the main chronic diseases and injuries by the GBD study 2015, after caries, headache, anemia, hearing loss, and before migraine, with an uncertainty interval ranging between fourth and seventh. 11 Considering TDI to permanent teeth and to primary teeth separately, the two conditions would rank sixth (95% uncertainty interval 5th-10th) and thirty-seventh (95% uncertainty interval, 33rd-44th), respectively. After dental caries, TDI is the second most frequent oral disease preceding periodontal disease and severe tooth loss.
These results demonstrate that TDI is very frequent worldwide and is still a neglected and unknown condition, probably because there are no universally acknowledged diagnostic, classification, and registration systems. 187 This limited knowledge and awareness at public health level and among healthcare policymakers makes it difficult to allocate adequate resources, implement preventive programs, organize proper emergency services and first aid, and design acceptable awareness campaigns at the population level. [188] [189] [190] 
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